INTRODUCTION
All health care systems ration care in one way or another. Rationing aims at bridging the gap between demand and available resources by limiting the possibilities to fully meet the need for health care. The method for conducting rationing can take different forms. When care is rationed by price, demand is restrained by the monetary price, which the patient faces at the point of demand. According to standard economic models, price is increased until demand and supply converge at a market-clearing price. In public systems, where care often is free or priced well below market-clearing level, demand and supply must be reconciled through other rationing devices.
Rationing by price raises delicate normative issues related to equality in general and different socioeconomic groups' equal access to health services in particular. Within publicly funded health care systems, distributional issues related to some notion of equality (1) are often core concerns (2, 3) . 1 The notion of horizontal equity is typically interpreted to mean that people in equal need are to be treated equally, irrespective of personal characteristics such as age, gender, income, and ethnicity (4) . Adherence to the principle of horizontal equity is difficult to maintain when care is rationed by price. Therefore, publicly funded systems commonly rely on waiting lists as a mechanism to limit availability, while still trying to maintain that persons in equal need are treated equally. However, since rationing by waiting lists is most often done implicitly, there are reasons to suspect the presence of systematic socioeconomic differences in waiting times for patients with equal need (i.e., similar medical condition). This study investigates the existence of horizontal inequality in waiting times for six types of elective surgery in the Swedish health care system.
Waiting lists are conceptually related to waiting lines. 2 When care is rationed through waiting lines, individuals are required to physically remain in a queue until being admitted to care. The time during which individuals are restrained from performing other activities constitutes an opportunity cost, making individuals less prone to seek care. Waiting lists, on the other hand, do not require individuals to physically remain in a queue while waiting. Instead, waiting lists operate as a rationing mechanism mainly because the value of future treatments declines the longer the individual has to wait; this produces convergence between supply and demand (5, 6) . To illustrate the different rationing mechanisms at play, one can think of the time spent in line at a fast food restaurant compared to the extra waiting time associated with ordering take-out. While standing in line at the fast food restaurant prohibits persons from doing most other activities, ordering take-out allows them to participate in other activities of their choice.
It is important to acknowledge that the declining value of future treatment is not merely an economic discounting device. Being on a waiting list also involves increased burdens as a result of the disutility associated with remaining on the waiting list (7) . Returning to the example of the fast food restaurant, while the person who orders take-out is able to participate in other activities, she is also 170 / Tinghög et al. 1 We will in this article refer to equality as a descriptive notion and equity as a normative notion. Much of the existing literature has failed to recognize this important difference. For a more thorough discussion with regard to the relationship between equality and equity, see Tinghög (1) . 2 Both are dynamic rationing tools in the sense that the number of patients waiting at a given moment in time will be dependent on the expected waiting time.
likely to experience increased hunger as a result of the extra waiting time. This study focuses on inequalities in access related to rationing by waiting lists.
Previous Research on Waiting Times in Public Health Care Systems
When investigating inequalities in access to health services, it is also important to recognize that waiting times constitute only a small, albeit important, part of the wider concept of access to health services. Much of the empirical literature on horizontal inequality and access to health care has focused on other components of access, such as the utilization, provision, and delivery of health care services (8) (9) (10) . Horizontal inequality in regard to waiting times in publicly funded systems is, by comparison, a less systematically explored area. A vast, but disparate, body of literature exists concerning the association between various categorizations of socioeconomic status and waiting time for specific patient groups or treatments (11) (12) (13) (14) (15) (16) (17) . Only a few have investigated such associations within the context of the Nordic health care systems (18) (19) (20) (21) . Of these, some have confirmed the existence of a link between lower socioeconomic status and increased waiting time within specific treatment domains (18, 19) , while others found no such link (20, 21) . Moreover, all previous studies have varied extensively in terms of setting, methodology, and objectives, making it difficult to draw general conclusions from previous studies about the association between waiting time and socioeconomic status.
In terms of setting and objective, the study by Siciliani and Verzulli (22) is the one most similar to this study. Hence, their results are also the most relevant for comparison purposes. Their study uses data from the Survey of Health, Ageing, and Retirement in Europe (SHARE) when investigating how socioeconomic status among elderly Europeans influences waiting times (at a given level of need) for specialist consultation and non-emergent surgery. According to their findings, patients with higher levels of education experienced shorter waiting times for non-emergent surgery in Sweden. Their results also showed that an increase in annual income by 10,000 euros (EUR) decreased waiting time by 3 percent (but this association failed to reach the significance level). Seemingly contradictory, they also found that an increase in income of EUR 10,000 increased waits for specialist consultation by 11 percent. Siciliani and Verzulli's findings were based on self-reported data from a limited sample population (n = 247) with a high non-response rate. Hence, it will be interesting to see if their findings can be replicated within a larger and more reliable sample.
Why Do We Expect Horizontal Inequalities in Waiting Times?
At least three types of reasons can be given for suspecting systematic socioeconomic differences in waiting times for patients with equal need. From the perspective of economic efficiency, it would seem reasonable to prioritize individuals who are more productive. Hence, one could argue that it is more efficient to prioritize individuals who currently hold a job. Further, assuming that income is related to productivity, it would be more efficient to prioritize high-income individuals. One could also argue that prioritizing younger individuals is more efficient since this would most likely maximize the number of healthy life-years gained. Although rationales related to productivity and "ageism" are explicitly discouraged at the macro level within the Swedish health care system, it does not seem far-fetched that they might play a role in practice when rationing care at the patient level.
The second type of reason is that less resourceful groups are less able to successfully communicate and express their needs, which is an empirically wellestablished fact (23) . The occurrence of this phenomenon may, however, be understood as a result of several non-mutually exclusive factors. One possible explanatory factor is that the working of the lists has been shaped largely by the most advantaged segments of the community, making the lists (either consciously or unconsciously) better suited to accommodate the needs of their peers. This type of explanation may also be advocated in relation to the hypothesis that women and patients of foreign origin experience longer waiting times. A second explanation for the above-described phenomenon may be that resourceful groups are more knowledgeable about how the system works, or can at least more effectively acquire such knowledge. This, in theory, would make them better equipped to "manipulate" the system (e.g., by arguing in ways that strike a chord with personnel that can influence one's time spent on the waiting list).
Finally, the psychological literature establishes that individuals generally tend to have an unconscious (implicit) in-group bias, which makes them more aversive toward groups dissimilar to their own group (24) . As an example, psychological testing of physicians has indicated that unconscious biases may contribute to racial/ethnic disparities in setting health care priorities (25) . Although this type of reason is not always easily distinguished in practice from the former reason, it puts a more direct focus on the behaviors of the actors involved in decision making at the patient level.
Given the background described above, this study aims to investigate whether horizontal inequalities exist in waiting times for six types of elective surgeries in the Swedish health care system. To achieve this aim, we set out to test five hypotheses that more resourceful groups receive priority when rationing is done through waiting lists:
• Male patients receive priority over women • Younger patients receive priority over older patients • Patients with higher incomes receive priority over patients with lower incomes • Patients of Swedish origin receive priority over patients of foreign origin • Patients currently active in the workforce receive priority over patients currently inactive

METHODS AND MATERIALS
Study Setting
Patients in Sweden are assigned to waiting lists as follows: patients with nonacute conditions first consult their general practitioner, who will refer them to a specialist if needed. In some cases, the patient can visit the specialist directly for medical assessment. If patients are considered to require surgery, they will be placed on a waiting list. When investigating inequalities regarding waiting lists, there are two main stages where discrimination can occur. First, general practitioners and/or referral specialists might have different standards for different socioeconomic groups that might lead to unequal opportunities to get on the waiting list. Second, patients might be treated unequally once they have been placed on the waiting list. This study focuses on this second stage. In large part, the Swedish system is publicly managed, with 21 county councils owning and operating most health care facilities. Each county council has a defined geographical catchment area. Patients are restrained from seeking nonacute care outside their own county councils. Although county councils are formally self-governed, Sweden has a long tradition of promoting egalitarian social justice and reducing differences across county councils (26, 27) . This is highlighted further in the Swedish Health and Medical Services Act (1982) , which declares that the objective of the Swedish health care system is to promote "good health on equal terms."
In 1992, a maximum waiting time guarantee for 12 elective procedures 3 was introduced to reduce geographic variations in Sweden. According to this guarantee, patients waiting for surgical procedures should wait no longer than 90 days from referral to surgery, unless an agreement is reached between the patient and the doctor. If the county council fails to meet this requirement, the patient has the right to seek surgery in another county council, or at a private clinic, at the expense of the home county council (28) .
Östergötland County Council, from which the administrative waiting time data used in this study were retrieved, is located in the southeastern part of Sweden and has 420,000 inhabitants. Three hospitals are located in the catchment area. Most publicly funded elective procedures are performed at these public hospitals, although one private clinic also performs some elective procedures that are publicly funded. Since we were unable to retrieve reliable waiting time data from this private clinic, we have excluded elective procedures where the private clinic performed any share of the services.
The catchment area of Östergötland County Council has an age and sex distribution similar to the national distribution (29) , and 19.2 percent of the Inequality in Rationing by Waiting Lists / 173 inhabitants have higher education (the national average is 18.0%) (30) . Comparing nationwide waiting times for the operation codes included in this study, Östergötland's pattern is similar to the nationwide averages. In Östergötland, 70 percent of elective procedures reported in 2007 were performed within the limit of the waiting time guarantee, compared to 73 percent for Sweden in total. 4 
Study Design
This was a retrospective study in the sense that the lengths of the waiting times were calculated for all patients who received an elective surgery in 2007. This implies that patients who remained on the list or exited the list for reasons other than operation are not included in the dataset. Data on waiting times for elective procedures were obtained from the administrative health care register in the county of Östergötland, Sweden. The elective procedures were based on the ICD-10 codes used to classify non-acute surgical procedures. In total, 24 nonacute surgical procedures were included. We aggregated these 24 elective procedures into six surgical categories: vascular, orthopedic, gynecology, urology, ophthalmology, and general surgery. In this article, the 24 non-acute surgical procedures will be referred to as elective procedures while the six categories will be referred to as specialties. The full dataset included 4,634 patients living within the boundaries of the county and treated between January 1, 2007, and December 31, 2007 . Patients below 18 years of age and those waiting for a second and presumably related elective surgery were excluded from the dataset.
Our dependent variable, waiting time, was defined as the number of days between referral and surgery. The independent variables of age, gender, disposable income, ethnicity, and workforce activity were retrieved from Statistics Sweden (SCB) and merged with individual data on waiting time. The income concept used in this study was disposable household income per equivalent adult during 2007. Disposable household income equals the sum of net income in a household divided by the number of people in the household, which is adjusted according to an equivalent scale. 5 Income data are highly reliable since they have been linked to national income tax statistics. Subjects were categorized into three groups using income quartile limits to identify the lowest and highest income groups. In categorizing the level of disposable income for patients above 65 years of age and retired, we used separate quartile limits than for patients of working age. This was done because retired individuals' current 174 / Tinghög et al. 4 Data comparing waiting times between different county councils can be retrieved from the publicly available database at http://www.vantetider.se. This database is updated and maintained by the Swedish Association of Local Authorities and Regions (a government agency) to monitor and minimize differences in waiting times between county councils. 5 The equivalent scale used is: one adult = 1; two adults = 1.51; additional adult = 0.60; first child aged 0-19 years = 0.52; and second and following children = 0.42. income could be misleading as an indicator of socioeconomic status when compared to that of working individuals. The foreign origin variable was defined as patients whose parents were both born outside Sweden. Workforce activity was used as a dichotomized variable, where individuals in retirement, early retirement, unemployment, and education were defined as being non-active in the workforce.
Data Analysis
We used multiple linear regression models to investigate the associations between waiting times and our predictors. Although our dependent variable, waiting time (days), was found normally distributed at a < 0.05 using a Shapiro-Wilk test, we chose to transform the variable to the logarithmic scale. This was done to enable presentation of relative differences between the groups with greater precision and to thwart potential outliers from disturbing the analysis conducted for smaller groups of patients (31) . A multiple regression model was run separately for the six specialties under investigation. To adjust for differences in urgency or severity between elective procedures, we entered elective procedures (ICD-10 codes) as covariates into the regression models. To validate the results from the regression analyses, all two-way interactions were tested. All non-significant interactions at (a < 0.05) were removed and the analyses were re-run. Interactions that remained statistically significant were then carefully examined and interpreted. Finally, we conducted separate regression analyses for 14 specific elective procedures with adequate sample size where we suspected that differences compared to the aggregated specialty could exist. This "sensitivity analyses" revealed no substantial differences in patterns of waiting times in comparison with the aggregated results.
RESULTS
The study included 4,636 completed waiting time episodes; 59 percent of the patients were women (Table 1 ). Ophthalmology and orthopedics constituted the two largest surgical specialties, with 39 percent and 21 percent of patients, respectively. The average proportion of patients currently not active in the workforce was 71 percent. Ophthalmology was the surgical specialty with the highest mean age (74.7 years). Consequently, ophthalmology also had the highest proportion of patients categorized as having no workforce activity (88%). Disposable household income was highest among patients in urology and lowest among patients in gynecology. Table 2 shows mean waiting times for the six surgical specialties by demographics. On average, 100 days were spent on the waiting lists. The means ranged from 150 days in orthopedics to 37 days in gynecology. Table 3 presents the results of the multiple regression models. Concerning orthopedic surgery, it was found that women waited 17 percent (p < 0.01) shorter than men. This pattern was, however, not found in other surgical specialties. Table 3 further shows that age predicted waiting time in orthopedics (p < 0.01), ophthalmology (p < 0.05), and general surgery (p < 0.05). However, the direction of the associations differed to some extent among the surgical specialties. In ophthalmology, we found a clear trend that older patients waited longer. In orthopedics and general surgery, we found a bell-shaped tendency: patients between the ages of 40 and 69 years stayed on the waiting list longer in comparison to younger and older patient groups.
Lower disposable household income was found to predict longer waiting times in orthopedics (p < 0.05) and general surgery (p < 0.05), but not in the surgical specialties vascular, gynecology, urology, and ophthalmology. In orthopedics, the lowest income group waited on average 27 percent (p < 0.01) longer than the highest income group, while low-income patients in general surgery waited on average 34 percent (p < 0.05) longer than individuals in the highest income group. 176 / Tinghög et al. (269); knee replacement (230); synovitis (177); slipped disc surgery (57); needle aponeurotomy for Dupuytrens contracture (80); shoulder instability surgery (27) ; anterior cruciate ligament surgery (69); subacromial (27) ; spondylolisthesis (8) ; rheumatoid arthritis surgery (21) ; thumb arthritis (25) .
c Uterine prolapse (195); operation for incontinence (87); hysterectomy on benign indications (75). d Benign prostatic hyperplasia (188); scrotal hernia surgery (16) . e Cataract surgery (1,760); strabismus surgery (18); operation of lacrimal canal (14) . f Anal surgery (182); cholecystectomy (165); thyroid surgery (60); varicose veins (77); scar hernia (48). Ethnicity was associated with waiting time in the case of gynecology, where waiting time for patients of foreign origin was on average 41 percent (p < 0.01) shorter than for patients of Swedish origin. The interaction analysis revealed that this difference could be mostly ascribed to differences between patients who are active in the workforce. Hence, this association is only true for patients of foreign origin who are currently active in the workforce. In all other fields of surgery, we found a contrasting but non-significant trend that patients of foreign origin waited longer than patients of Swedish origin.
When examining workforce activity as a potential predictor, we found that patients not active in the workforce experienced 24 percent (p < 0.01) longer waiting times in ophthalmology. Otherwise, no significant associations between workforce activity and waiting time were detected.
DISCUSSION
In many Organisation for Economic Co-operation and Development countries, societal preferences for solidarity have made rationing by ability to pay an unviable policy option. Limiting access to care through waiting lists has therefore become a widely used rationing tool. Even though equity of access is a central theme in the health services literature, few studies have systematically investigated how rationing through waiting lists violates the principle of horizontal equity. This study provides a systematic analysis of socioeconomic-related inequalities when care is rationed through waiting lists in the Swedish health care system.
Main Findings
We found some support for the assertion that horizontal inequality occurs when rationing elective surgeries through waiting lists. This picture, however, is not clear-cut, as inequality is not present in all surgical specialties. In vascular and urologic surgery, we found no evidence of horizontal inequalities. Concerning gynecology, the results contradicted the stipulated hypothesis (i.e., that more resourceful groups receive priority when rationing by waiting lists). In the specialties of orthopedics, ophthalmology, and general surgery, the data supported the presence of horizontal inequalities. Particularly noteworthy in this respect is that lower household income predicted longer waits in both orthopedics and general surgery. These findings are in line with the results presented by Siciliani and Verzulli (22) .
In connection with the finding that low income predicted longer waiting times in orthopedics and general surgery, it is worth noting that these were also the surgical specialties where patients in general experienced the longest waiting times. This may suggest that income becomes an increasingly influential factor as waiting time becomes longer. Alternatively, it could suggest the existence of a potential threshold effect, where disutility associated with waiting is negligible as long as the waiting time does not exceed a certain length. This may be explained by the existence of an initial "adjustment period" allowing individuals to mentally prepare and make practical arrangements. But in cases where time on the waiting list exceeds this threshold, the disutility associated with continued discomfort and anxiety takes over, making individuals increasingly active in trying to gain priority, and thereby favoring more resourceful groups.
Following this line of reasoning, the existence of an "adjustment period" could explain why we mainly find horizontal inequalities in accordance with our hypotheses in the specialties with relatively long waiting times. Further studies need to investigate the existence of such a threshold effect and whether the disutility associated with being on a waiting list increases at a hyperbolic or constant rate over time. However, the credibility of the argumentation above could possibly be attributed to differences in levels of urgency and/or severity between the underlying medical conditions related to the investigated surgical specialties. Still, all procedures included in the study were part of a national initiative to harmonize waiting times, indicating that levels of urgency and severity of the related medical conditions are fairly equal.
This study did not confirm our hypotheses concerning ethnicity and gender. Hence, men and patients of Swedish origin did not appear to receive priority. Our finding of no gender inequality contradicts recent findings by Carlsen and Kaarboe (19) , who found that male patients are overrepresented among non-acute Norwegian patients categorized as high-priority cases. This discrepancy may suggest a difference between the Norwegian and the Swedish health care systems concerning gender inequality. Another, and probably more likely, explanation for the contradictory results is that Carlsen and Kaarboe (2010) focus on patients who are given the right to treatment versus patients who are denied the right to treatment, as determined by the referring physician. Our study, on the other hand, focuses solely on differences among patients who have already been referred to a specific elective procedure. Hence, female patients may have been discriminated against before even getting on the waiting list, but not once they have been placed on the waiting list. This may also explain why the stated hypothesis regarding ethnicity could not be confirmed.
Strengths and Limitations
This study has several advantages compared to earlier studies focusing on equity and waiting times. First, Sweden has a long tradition of collecting high-quality data on diseases and health care utilization (32) . By using the civic person identification number, we could link waiting time data from an administrative database to socioeconomic registers. In contrast to earlier studies, this study does not rely on self-reported data or broad, unspecific categories of socioeconomic status. Second, the data in this study allow for comparisons between surgical specialties. Since the data included surgical indications, adjustments concerning elective procedures within surgical specialties could be made. These advantages, we believe, make this dataset unique, allowing us to investigate waiting lists as a rationing tool in a more detailed way than previously done.
Regarding limitations, first it should be noted that disposable household income is not a flawless indicator of socioeconomic status. Elderly patients might not currently have very high disposable incomes, but could potentially have accumulated wealth during earlier stages in life. This makes current disposable household income potentially misleading as a socioeconomic indicator. Unfortunately, neither accumulated wealth nor educational levels are available as socioeconomic indicators for elderly individuals in Sweden. Nevertheless, there is good reason to assume that the disposable income of retired persons correlates with their disposable income during working age. Since we used separate quartile limits for disposable income of retired patients above 65 years of age, we believe we have captured socioeconomic differences among elderly individuals fairly accurately.
Second, studies of waiting lists as a rationing tool should, in principle, also examine all potential entrants to the waiting list and their responses to expected waiting times. Such data were not available. This limitation has most likely decreased the socioeconomic differences detected in this study. Moreover, waiting times could also be influenced by factors not included in our data. For example, in hip surgery, it would be reasonable to suspect that health providers prioritize patients who have pain when resting before patients who can move about with some difficulty. Severity or pain could be associated with socioeconomic status, but the level of severity within a medical condition is not covered in our data. The literature on social determinants of health suggests that the severity of medical conditions tends to be worse among those with lower socioeconomic resources (33, 34) . If severity is positively associated with access, this would further imply that we are underestimating the positive effects of high socioeconomic status on waiting times.
Third, the study is based on a retrospective approach in that it only includes individuals who have received an operation. This approach fails to take account of the fact that some individuals might have exited the waiting lists prior to the execution of the awaited procedure. Reasons for exiting could be voluntary or involuntary. A voluntary reason could be that patients adapt to their medical condition and choose to give up their place on the waiting list, or the patient might choose to pay out-of-pocket for privately funded care to gain quicker access. Here, we need to point out that patients who pay out-of-pocket for a procedure covered by public health insurance are extremely rare in Sweden. Death before being admitted to care is the predominant involuntary reason for exiting a waiting list. As there are no obvious reasons to suspect an association between exiting a waiting list and the patients' socioeconomic characteristics, our results would probably not be substantially affected.
Finally, this study is based on waiting time data from Östergötland County Council, which has a defined geographic catchment area covering less than 5 percent of the Swedish population. Despite several national initiatives to harmonize clinical practice and waiting times across different county councils, some regional differences within the Swedish context cannot be ruled out.
Final Remarks
It is important to acknowledge that the mere association between socioeconomic factors and horizontal inequalities in waiting times cannot alone support judgments about injustice. Economists and philosophers have offered a wide array of justifications for inequality in access on grounds of efficiency and social justice. However, before approaching the delicate normative question concerning which inequalities should be deemed unfair, it is necessary to address the descriptive question concerning which horizontal inequalities actually exist.
This study documents that access is unequal when care is rationed by waiting lists, but only to a limited extent. Whether this is good or bad news depends on your worldview¾that is, your expectations on the functioning of public health care and your normative view of how it should function. From a policymaker's perspective, it is important to recognize that horizontal inequalities arise even though care is not rationed through ability to pay. Consequently, horizontal equality in waiting times cannot be assumed in publicly funded health care systems unless they are closely monitored and openly discussed. Although our findings are context-specific to some extent, they are relevant for decision makers in other countries that, like Sweden, rely heavily on waiting lists as a mechanism to ration care.
